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Abstract
Hydrograph recession analysis is widely used in hydrological research and water resources planning and 
management. The most common application is the forecasting of low flows, estimating groundwater 
resources in a catchment, rainfall runoff models and hydrograph analysis. In the rainfall runoff 
modelling, some authors have included the recession characteristics in their model. They used the 
recession parameter for hydrograph separation and modelling surface runoff.
This paper presents an alternative commonly used techniques for hydrograph recession analysis, namely 
of an individual recession segment, the master recession and a relatively recent approach based on 
wavelet transform was carried out in order to separate analytically the linear component hydrographs by 
recession index K that is commonly used as an indicator of flow. These methods were applied to a set of 
measures hydrometric the North-eastern Algeria in the watershed Seybouse. The results show that all the 
methods tested produce reasonable and comparable results.
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1. Introduction
The applications of hydrograph recession analysis since the early 1900s have been numerous and 
include such areas as low-flow frequency analysis, water allocation, hydrograph analysis, baseflow 
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Augmentation and the assessment of evapotranspiration loss [1-3]. [4] used recessions as the basis for low-
flow forecast to improve trout farm management. [5] used recession constants for fitting stochastic daily 
streamflow model and recently [6] applied recession characteristics for the generation of continuous daily 
streamflow time series. [7] applied recession constants for hydrographs separation and modelling surface 
runoff. The recession parameter also has been adopted in the unit hydrograph method, for instance [8] 
used the recession constant for delineating the recession part of the synthetic unit hydrograph. The 
recession parameter is also needed for hydrograph separation using the digital filter baseflow separation 
technique [9, 10].
Owing to the importance of the hydrograph recession in engineering hydrology, many researchers have 
tried to analyse the recession characteristics. [11] introduced a graphical technique for hydrograph 
separation. The technique is known as a semi-logarithmic plot of flow recession used for separating a 
hydrograph into linear components of surface flow, interflow and baseflow. The semi-logarithmic plot is 
originally applied to a single hydrograph recession. For analysing a set of hydrograph recessions at a 
particular catchment simultaneously, a master recession curve is commonly used [12]. In addition to the 
graphical method, the fitting process also could be carried out computationally. [13] developed an 
analytical method based on the principle of matching strip. The method uses five different 
linear/nonlinear regression models to adjust individual recession segments to their correct positions in the 
MRC. A comprehensive review of recession analysis has been carried out by [14, 15]. Tallaksen pointed 
out that many shortcomings of recession analysis and a large number of other methods are a result of high 
variation in recession behaviour, not only between catchments but also within a catchment. Recently, [16] 
have proposed a method for analysing the hydrograph recession characteristics based on the wavelet 
transform.
The objective of the paper is to compare a number of techniques used for hydrograph recession 
analysis. The selected techniques, the individual recession segment, the master recession and wavelet 
transform were applied to a number of flood events at two catchments in order to separate analytically the
linear component hydrographs.
2. Data sets
Hourly flood runoff data and daily over a period of ten years from 1993 to 2003 in two watersheds 
namely Khemkhem (area (S) = 1130 km2) and Ain Charchar (S = 322 km2) were selected for the study. 
These watersheds belong to a temperate and humid climate of the Mediterranean type, with a mean 
annual rainfall of 1640 mm and a mean annual temperature of 18°C.
3. Recession curves analysis
Recession analysis focuses on the recession curve which is the specific part of the hydrograph 
following the stream peak (and rainfall event) when flow diminishes. The most common mathematical 
function to describe this process is the simple exponential decay function:
Qt = Q0 e- t or    Qt = Q0 e-t /Tc                                                                                                      (1)                     
where Qt is the stream flow at time t, Q0 is the initial stream flow at the start of the recession segment, 
a is a constant also known as the cut-off frequency (fc) and Tc is the residence time of the groundwater 
system, defined as the ratio of storage to flow. The term e- in this equation can be replaced by k, called 
the recession constant or depletion factor, which is commonly used as an indicator of the extent of 
baseflow [17].
 Sabri Berhail et al. /  Energy Procedia  18 ( 2012 )  741 – 750 743
Q = Q0 Kt                                                                                                                                                                                                                            (2)
Based on Equations (1) and (2), a relationship between fc and K can be explained in the following 
form
K = e-fc or     fc = -ln (K)                                                                                                        (3)
4. Individual recession segment
The exponential function of the hydrograph recession in Equation (2) implies that the recession will 
plot as a straight line on a linear axis. The slope of this line is equal to the recession parameter K. Plotting 
the individual recession does not give a straight line but a curved line. This phenomenon occurs owing to 
fact that the recession comes from different flow components, namely surface flow, interflow and 
groundwater flow, with different lag characteristics [18].
      
Fig. 1.  An example of individual segment for estimating the recession constant K at (a) Ain Charchar and (b) Khemkhem.
5. Master recession curve analysis
A major problem in determining K for a particular catchment using a single recession segment is the 
high variability encountered in the recession behaviour of individual segments. To overcome the problem, 
a master recession that normally is defined as an envelope of various individual recession curves could be 
constructed. A number of methods might be applied to construct a master recession curve, such as 
correlation method, matching strip method and wavelet transform. All these methods will be discussed 
briefly in the following section. 
5.1. Correlation method
In the correlation method, a plot of current flow Q0 against flow Qt at some fixed time t previously is 
constructed for all recession periods [19, 20]. The envelope through the origin is drawn and K is then 





)(                                                                                                           (4)
where K is a function of the slope of the envelope of the correlation line (Q/Q0) and the lag interval t. 
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Fig. 2. Correlation method for estimating the recession constant K at (a) Ain Charchar and (b) Khemkhem.
5.2. Matching strip method 
The matching strip method involves plotting multiple recession curves derived from the hydrograph in 
order of increasing minimum discharge [12]. Each recession curve is superimposed and adjusted 
horizontally to produce an overlapping sequence. The master recession curve is interpreted as the 
envelope to this sequence, and the recession constant k derived from its slope, as shown in Figure 3. 
Fig.3. Matching strip method for estimating the recession constant K at (a) Ain Charchar and (b) Khemkhem.
The figure shows that constructing the master recession lines is impractical and the mean line is not easily 
defined.
5.3. Wavelet transform
Wavelet transform analysis is a technique to break down a signal into its components and applied in 
such fields as image processing and geophysics [21].The technique can also be used in hydrograph 
recession analysis in terms of separating out the low frequency signature of the baseflow. Plots of 
frequency against time called mean-square wavelet maps are used to derive recession constants.
A flood hydrograph recession usually consists of different flow components, i.e. direct flow (surface 
flow and interflow) and baseflow, which means that the recession line changes from one component to 
another component at a certain location and frequency. As the baseflow component has a recession time 
much longer than other components, the baseflow component therefore has the lowest frequency. The 
lowest frequency can be regarded as a cut-off frequency (fc). This frequency value and its location can be 
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determined from the wavelet maps (colormap). By knowing the frequency fc, the recession parameter K
can be computed using Equation (3).
Fig.4. An example of a flood event and its wavelet maps at (a) Ain Charchar and (b) at Khemkhem
Figure 4 shows examples of a flood hydrograph with their original signal for the two catchments 
studied. The frequency (recession parameter K) and the starting point or location of baseflow component 
Tb can be recognized easily using an algorithm of extremum (as indicated by the red point in the 
hydrograph).
6. Hydrograph separation techniques
There are several hydrograph separation techniques available for quantifying components of stream 
flow (graphical, analytical, automated and geochemical). Various techniques suitable for undertaking 
hydrograph separation have been considered in the literature review. In our study we used an analytical 
method based on the principle of matching strip method as we mentioned previously [13].
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Fig. 5. Example of automate separation on 2 and 3 recession segment at Ain Charchar.
The typical ranges of daily recession constants for streamflow components, namely runoff    (0-2-0.8), 
interflow (0.7-0.94) and groundwater flow (0.93-0.995) do overlap [17]. However, high recession 
constants (eg > 0.9) tend to indicate dominance of baseflow in streamflow.
Figure 5 shows automated separation on 2 and 3 recession segment, the first indicate that two 
distinctively different outflow sources exist; the black line with the gentle slope represents recession for 
surface runoff with a value of K1 = 0.58 , while the steep, blue line with the value of K2 = 0.93 represents 
recession which is based entirely on interflow. The second is the result of three component hydrograph (3 
recession segments) according to the typical ranges of recession constants.
Fig. 6. Example of automate separation on 2 and 3 recession segment at Khemkhem.
Figure 6 shows automated separation on 2 and 3 recession segment, the first indicate that two 
distinctively different outflow sources exist which are based entirely on interflow and groundwater flow 
without the surface runoff according to the typical ranges of recession constants.
The second is the result of three component hydrograph (surface runoff, interflow and groundwater 
flow).
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6.1. Graphical interpretation of recession segments
Based on figures 5 and 6 we can represent the flow components according to the typical ranges of 
recession constants k of two catchments studied, as shown in Figures 7 and 8.
Fig.7. Example of a flood event composed of 2 and 3 flow components at Ain Charchar.
Fig.8. Example of a flood event composed of 2 and 3 flow components at Khemkhem.
7. Results and discussion
The values of the recession parameter K for Ain Charchar and Khemkhem, estimated using different 
techniques, are given in Tables I and II, respectively. The tables show that all the techniques produce 
reasonable and comparable results. The average recession parameter K obtained using different 
techniques varies from 0.833 to 0.935.
Determining K for the recession segment accurately and objectively is not an easy task, as shown in 
Figure 1. The reason is that the hydrograph recession segment is not composed of straight lines 
representing different flow components but by a curved line reflecting the fact that the distinction 
between the flow components, i.e. between surface flow and interflow and between interflow and 
baseflow, is not always clear. The curved line also indicates that the recession curve is not linear owing to 
the non-linearity of the groundwater process. As a result estimating the slope of the baseflow components 
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is not straightforward, because the starting point of baseflow or the end of direct flow Tb needed for the
fitting process, is not easily located. Hence, trial and error has to be done to find the best fit of the line, 
although it can be carried out computationally.
Table I. Recession constant K of Ain Charchar estimated using different techniques
N0 Flood event Individual Master recession Wavelet
recession
First End segment Correlation Matching   strip transform
1 01/01/1993 12/31/1993 0.857 0.947 0.867 0.908
2 01/01/1994 12/31/1994 0.858 0.896 0.877 0.914
3 01/01/1995 12/31/1995 0.891 0.857 0.888 0.918
4 01/01/1996 12/31/1996 0.873 0.817 0.798 0.918
5 01/01/1997 12/31/1997 0.823 0.779 0.764 0.918
6 01/01/1998 12/31/1998 0.741 0.876 0.834 0.918
7 01/01/1999 12/31/1999 0.861 0.857 0.803 0.918
8 01/01/2000 12/31//2000 0.918 0.861 0.902 0.918
9 01/01/2001 12/31/2001 0.872 0.886 0.875 0.918
10 01/01/2002 12/31/2002 0.711 0.898 0.863 0.918
11 01/01/2003 8/31/2003 0.853 0.866 0.853 0.918
Average 0.842 0.867 0.848 0 .916
Table II. Recession constant K of Khemkhem estimated using different techniques
N0 Flood event
Individual
Master recession Wavelet 
recession
First End segment Correlation Matching strip transform
1 01/01/1993 12/31/1993 0.862 0.901 0.863 0.936
2 01/01/1994 12/31/1994 0.862 0.892 0.859 0.931
3 01/01/1995 12/31/1995 0.932 0.851 0.878 0.931
4 01/01/1996 12/31/1996 0.835 0.822 0.803 0.938
5 01/01/1997 12/31/1997 0.846 0.756 0.718 0.926
6 01/01/1998 12/31/1998 0.858 0.834 0.851 0.938
7 01/01/1999 12/31/1999 0.761 0.814 0.796 0.938
8 01/01/2000 12/31/2000 0.750 0.841 0.876 0.938
9 01/01/2001 12/31/2001 0.814 0.861 0.824 0.938
10 01/01/2002 12/31/2002 0.856 0.901 0.857 0.938
Average 0.838 0.847 0.833 0.935
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To reduce the uncertainty in determining the best-fit of individual recession segments, a master 
recession curve could be constructed. However, some have argued that the master recession curve does 
not provide an adequate description of the recession flow of a river. Information about the variation 
among individual recession segments is lost [15] and the effect of seasonality and storm input are not 
considered in the master recession curve [22]. This means that different master recession curves are 
needed to describe the effect of seasonality. In addition to these problems, there are other difficulties 
association with methods used to determine the master recession curve.
In the correlation method, the results depend on the slope measured and the time lag interval t used for 
analysis [19, 20], as demonstrated by Figure 2, as well as Tables I and II.
Constructing a master recession curve using the matching strip method is not straightforward, 
moreover [6] showed that the line becomes non-linear when there are very low flows. Similar results occur 
in the present study, as shown in Figure 3. In addition to the subjectivity involved, the matching strip 
method is quite tedious and impractical for application to a large number of catchments [17].
In contrast to the analysis of individual recession segment and determining the master recession curve, 
the recession parameter can be determined by using wavelet method, as depicted in Figure 4. The 
frequency (recession parameter K) and the starting point or location of the baseflow component Tb can be 
recognized easily using an algorithm of extremum (as indicated by the red point in the hydrograph). In 
spite of the advantage of the wavelet transform method for hydrograph recession analysis, the method has 
a weakness in that the cut-off frequency values (recession parameter K) for a number of flood events may 
occur at the same frequency values. This weakness as a result of the characteristic inherent in the wavelet 
transforms. Despite the weakness in the wavelet transform, the method still produces a reasonable and 
promising result.
8. Conclusion
This study presents overview of existing methods dealing with recession curve analysis. These 
methods are tested using site specific data and the results are presented and compared, our interests focus 
to separate analytically the linear component hydrographs by recession index K that is commonly used as 
an indicator of flow.
Among the most important results we may point out:
The MRC analysis allows us to determine the components of the recession curve.
In some situations there are two flow components: interflow and baseflow the flood is called of 
background.
Other events present recession curves to three components: surface runoff, interflow and base flow.
The rainfall-runoff transformation model is the three components model.
Certain measurement provides aberrant results; it is probably due to the quality of measurements 
(storage or error of measurement).
The presented method is fast, reliable, and applicable to larger data sets compared to traditional 
methods owing that makes the results less random and easier to use.
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